INTRODUCTION
============

Composite resin shrinks during the polymerization process that transforms a viscous liquid into a solid material[@B03]. This contraction is due to the presence of an organic matrix, often a mixture of Bis-GMA, TEGDMA and other small monomer molecules that have to approach to each other establishing a polymer chain during polymerization. The use of small molecules decreases the organic matrix viscosity[@B12]. Therefore, low viscosity composites must have a higher percentage of small molecules in their organic matrix or less inorganic filler content. Consequently, low viscosity composites experience a great volumetric contraction during polymerization[@B12]. This group of materials includes flowable composite resins which were suggested to be used as intermediate materials[@B04],[@B20]. The supposed advantage of these materials when used as an intermediate layer is related to their low modulus of elasticity, which leads to a higher deformation[@B12],[@B21]. They absorb stress when the composite resin shrinks over them and transmit the contraction force through adjacent structures. Stress absorption is a function of material\'s thickness and modulus of elasticity. For a given elastic modulus, a thicker layer will absorb more stress[@B20]. The observation that a composite resin restoration that used unfilled resin as an intermediate layer showed less microleakage than conventional composite restoration encourages the indication of these flowable composites for this purpose[@B09].

Resin-modified glass ionomer cement (RMGIC) was developed by Mitra[@B14] (1991). This material permits photoactivation of the glass ionomer and makes the sandwich technique easier and faster.22 Several studies have proven that composite resin restorations lined with glass ionomer lead to less microleakage or better marginal adaptation than without lining[@B02],[@B06],[@B08],[@B10],[@B11],[@B14],[@B21] There were many explanations for the reason why a material with lower bond strength promoted less infiltration, however Kemp-Scholte and Davidson[@B09] (1990) were the only authors to measure the effect of using RMGIC as an intermediate layer as a function of stress absorption[@B10].

The use of an intermediate material leads to many variables in the restoration. One is the modification of the configuration factor of the cavity that will be filled with a composite resin. Although this is an advantage of this technique, it is not exclusive for glass ionomer cements, in the sense that the first increment (whether flowable or low-viscous composite resin) in an incremental technique can be considered an \"intermediate material\" for a second increment. Kemp-Scholte and Davidson[@B10] (1990) demonstrated stress absorption by RMGIC and stated that the solution of the leakage problem could be found in the increased flexibility of the restorative system. Therefore materials with low modulus of elasticity should be adequate to be used as intermediate layers. RMGIC has lower modulus of elasticity [@B19] when compared to flowable composites[@B12].

The aim of this study was to verify the hypothesis that low modulus of elasticity materials used as intermediate layers could absorb part of the composite resin polymerization contraction force.

MATERIAL AND METHODS
====================

The tested materials were: Hybrid Z-250 composite resin (3M/ESPE, St. Paul, MN, USA), Filtek Flow flowable composite (FF) (3M/ESPE) and Vitrebond (VB) resin-modified glass ionomer cement.

The following groups had the polymerization contraction force evaluated: G1: Z-250 (1 mm thickness); G2: FF (1 mm thickness); G3: VB (1 mm thickness); G4: Z-250 through a 0.5-mm layer of FF; G5: Z-250 through a 1-mm layer of FF; G6: Z-250 through a 0.5-mm of VB; G7: Z-250 through a 1mm layer of VB.

The experiment setup consisted of two identical rectangular (6 x 2mm), opposed, parallel steel plates. The upper plate was connected to a 10 kg load cell on the crosshead while the lower plate was fixed to the transversal base of a universal testing machine (EMIC-DL-500; São José dos Pinhais, PR, Brazil). Both steel plates were sandblasted to promote adhesion of the composite resin during the test[@B15],[@B17]. For evaluation of polymerization contraction force of the composite resin Z-250, FF and VB (G1 - G3), 1-mm thick layer of the materials were inserted between steel plates and light-cured for 60 seconds. Contraction force recording began simultaneously with material\'s light activation and continued for a period of 120 seconds. For the other groups (G4 - G7), the procedure was done as follows: the lower base surface was isolated with a Teflon strip. The upper plate was moved upwards to create a space of either 0.5 or 1 mm to be filled with the intermediate materials. FF or VB were inserted into the predetermined spaces between the plates and photoactivated for 20 or 30 seconds respectively. Irradiation was done from one side using a conventional halogen lamp curing unit (Spectrum, Dentsply-Caulk, Milford, Canada) performing 500 mW/cm[@B02]. Then, the plates were moved away from each other and the Teflon strip was removed. Immediately after light-curing the intermediate material, the upper plate was fixed leaving a 1mm space between the \"liner\" and the lower plate. The Z-250 composite resin was inserted into this space and light-cured for 60 seconds. A 6-mm-diameter light tip was applied as close as possible to each specimen\'s wider (6mm) surface allowing light to cross the 2-mm thick layer of material. Contraction force recording began simultaneously with Z-250 light activation and continued for a period of 120 seconds.

For all groups, the configuration factor of the simulated restorations was 1.5 and the volume of the Z-250 composite resin sample was 12 mm[@B03]. During the test, the upper plate fixed to the cross-head was not allowed to move. As a consequence of the material polymerization contraction force, the load cell underwent a deformation that was transformed in force (N). In groups G4 to G7, the polymerization contraction force had to cross the intermediate materials before reaching the upper plate and the load cell. This setup provided continuous recording of contraction forces during polymerization, even after light-activation had finished. A force/time graph was obtained for each sample. The values of the 120-second period were recorded.

Ten samples were tested for each group. They were averaged and compared using one-way ANOVA followed by Tukey test at a = 0.05.

RESULTS
=======

The results showed significant differences between the force values recorded for Z-250 with or without intermediate materials (p\<0.05) ([Table 1](#t01){ref-type="table"}). Z-250 specimens used without intermediate materials showed a polymerization contraction force of 6.321±0.2618N ([Table 1](#t01){ref-type="table"}). When Z-250 was used with flowable composite as an intermediate material, the restorative system showed significantly higher polymerization contraction force values than the control group (G1) regardless of its thickness ([Figure 1](#f01){ref-type="fig"}). A 0.5-mm-thick FF layer promoted a mean value of 6.8±0.2 N and a 1-mm-thick FF layer promoted a mean value of 6.9±0.3N ([Table 1](#t01){ref-type="table"}). Although the arithmetic mean was higher for the 1mm thickness layer, they did not differ significantly from each other ([Figure 1](#f01){ref-type="fig"}).

![Force/time graph obtained for Z-250 composite resin without intermediate layer, with 0.5-mm-thick and 1-mm-thick Filtek Flow layer and with 0.5-mm-thick and 1-mm-thick Vitrebond layer](1678-7757-jaos-15-06-0495-gf01){#f01}

###### Means (±SD) and statistical analysis of the polymerization contraction forces of the composite resin with or without intermediate materials

  Groups              Means (N) (±SD)
  ------------------- -----------------
  Z-250               6.3(±0.2)c
  Z-250 + 0.5 mm FF   6.8(±0.2)d
  Z-250 + 1.0 mm FF   6.9(±0.3)d
  Z-250 + 0.5mm VB    4.0(±0.4) b
  Z-250 + 1.0mm VB    2.8(±0.4)a

n = 10; Different letters indicate statistically significant difference at 5%.

When Z-250 was used with VB as intermediate material, polymerization contraction force values dropped significantly ([Figure 1](#f01){ref-type="fig"}). A 0.5-mm-thick VB layer promoted a mean value of 4.0±0.4 N. This value was significantly lower than that of the control group (G1) and the groups with flowable composite as intermediate materials ([Table 1](#t01){ref-type="table"}). The 1-mm-thick VB layer promoted a mean value of 2.8±0.4 N. This value was significantly lower than those of other tested conditions (p\<0.05) ([Table 2](#t02){ref-type="table"}).

Additionally, FF and VB polymerization contraction forces (9.8±0.2 N and 1.8±0.2 N, respectively) were compared to that of Z-250 (6.3±0.2 N) ([Figure 2](#f02){ref-type="fig"}). VB polymerization contraction force was significantly lower than those of Z-250 and FF. Z-250 polymerization contraction force was significantly lower than that of FF (p\<0.05) ([Table 2](#t02){ref-type="table"}).

![Force/time graph obtained for Z-250 resin composite, Filtek Flow flowable composite and Vitrebond resin-modified glass ionomer cement](1678-7757-jaos-15-06-0495-gf02){#f02}

###### Means (±SD) and statistical analysis of polymerization contraction forces of Z-250 composite resin, Filtek Flow flowable composite and Vitrebond resin-modifed glass ionomer cement

  Groups        Means (N) (±SD)
  ------------- -----------------
  Z-250         6.3(±0.2)b
  Filtek Flow   9.8(±0.2)c
  Vitrebond     1.8(±0.2)a

n = 10; Different letters indicate statistically significant difference at 5%.

DISCUSSION
==========

Polymerization contraction force was determined for Z-250 individually or combined with a flowable composite or resin-modified glass ionomer cement as intermediate materials. None of the specimens presented loss of adhesion to the steel plates, during the test, otherwise the force/time graph would register a spontaneous decrease of the force values. The results ([Table 1](#t01){ref-type="table"}) showed that the restorative system that used VB as intermediate material registered significantly lower values and that these values decreased significantly as the VB layer thickness increased from 0.5 mm to 1 mm (p\<0.05). Although it represents an interesting finding, unfortunately, it is very difficult to control the liner thickness clinically. Kemp-Scholte and Davidson[@B09] (1990) showed a stress relief that varied from 18% to 50% when a 0.15-mm-layer of VB was applied underneath a 5-mm-layer of P-10, a chemically activated composite resin. Although our study used intermediate layers of different thicknesses and a photoactivated composite resin (Z-250), results were in agreement with this previous study. The lower values found with the 1-mm-thick VB layer in relation to the 0.5-mm-thick layer were in agreement with Unterbrink and Liebenberg[@B20] (1999), who stated that for a given modulus, a thicker layer will absorb more stress.

VB RMGIC was polymerized just before the composite resin was inserted and polymerized. Although VB presents a double setting reaction, the photoactivated reaction is responsible for the initial setting and properties. Volume and factor configuration of the Z-250 composite resin was maintained constant for all groups. A probable explanation for the lower values of polymerization contraction force in this restorative system could be that VB absorbed part of the forces that were generated and transmitted from Z-250. This absorption could be responsible for the decrease of the mean values in the order of 35.5% (4.0 N) and 55.5% (2.8 N) for layer thickness of 0.5 mm and 1 mm, respectively, in relation to Z-250 (6.3N). Dauvillier, et al.[@B06] (2000) demonstrated that, during setting, the modulus of elasticity of glass ionomer increases slower than that of composite resin. RMGIC had probably a greater capacity of stress absorption during the first minutes after mixing, as shown in the present study.

Although flowable composites are considered composite resins with low modulus of elasticity[@B20], and hence a release in the developed contraction forces of Z-250 associated with it could be expected, this was not observed. Our results showed that, regardless of the thickness, FF caused an increase in the contraction forces, which reached values that were significantly higher than those produced by Z-250 alone and by Z-250 associated with VB ([Table 1](#t01){ref-type="table"}). Polymerization contraction and modulus of elasticity have to be assessed dynamically when polymerization contraction force of a restorative system is evaluated. In the case of composite with low filler content such as flowable composite it presents low modulus of elasticity and high polymerization shrinkage. Furthermore, to investigate the effect of the modulus of composite on the polymerization shrinkage force, the instrument with zero or very low compliance should be used. In this study a 10 kg load cell having compliance to measure contraction force was used. In these cases, composite shrinkage is major determinant factor on shrinkage force.

In our methodology, intermediate material has been polymerized before the test began. Just after its polymerization, composite resin was applied and polymerized. The test and the composite light-activation began simultaneously. Labella, et al.[@B12] (1999), stated that the higher shrinkage of flowable composites over that of hybrids may indicate a potential for higher interfacial stresses. Although flowable composite light-activation had finished before the test began, this material continued generating contraction forces for at least 2 minutes, as the present study showed. An increase of generated force during the whole 120-second period for G2 was shown. This means that at the moment the test started, the computer recorded the resultant force values of the interaction between Z-250 and FF. We have to take into account that flowable composite with a low modulus of elasticity should absorb some stress from Z-250. Therefore, the values observed for these groups with flowable composite (G4 and G5) could be seen as the result of the polymerization contraction force of Z-250 without the force absorbed by FF(depending on its modulus of elasticity at that moment), added to FF residual polymerization contraction force generated during the test period. Residual polymerization contraction force of FF was so great that it hindered the beneficial effect of a low modulus of elasticity[@B15] and promoted significantly higher force values than did Z-250 used as a single material. Therefore, if the resultant polymerization contraction force did not decrease, microleakage would be expected to be similar or higher than resin restorations without flowable composite liner. Hagge, et al.[@B08] (2001), found that the flowable composite Revolution (SDS Kerr) used as an intermediate material was not able to reduce microleakage in a composite resin restoration. In their study, Fuji II LC (Fuji Japan) showed significantly lower microleakage than both resin groups. Beznos[@B05] (2001), showed that RMGIC or flowable composite could not significantly reduce the marginal leakage of composite restorations, but the author noted that there was a clear tendency for poorer results with the use of flowable composite.

In the present study, there was no significant difference between the 0.5-mm or 1-mm-thick FF layer used as intermediate material. The increase in layer thickness leads to a greater volume of the material, a greater volumetric contraction and corresponding contraction force, but it leads to an increase in the absorption capacity as well. The values showed again the interaction between these two factors, where a difference in layer thickness from 0.5 mm to 1 mm promoted no significant difference in polymerization contraction force of the two groups. Malmström, et al.[@B13] (2002), found no significant difference in microleakage for composite restorations with an intermediate layer of 0.5 or 1 mm of flowable composite. These results are in accordance with the present observations of contraction force values and their potential for microleakage.

VB RMGIC is considered a low modulus of elasticity material and, unlike the flowable composite resin, it generated a low polymerization contraction force (1.8N). This property allowed that the stress absorption capacity of this material due to its low modulus of elasticity could be expressed as a decrease in the polymerization contraction force of the restorative system, as shown in G6 (4.0N) and G7 (2.8N) ([Figure 1](#f01){ref-type="fig"}). This fact could explain in part the reason why other studies had demonstrated a better marginal adaptation,[@B02],[@B11] less microleakage[@B02],[@B08] and lower cusp deflection[@B01] in composite restorations that used glass ionomer as an intermediate material.

The use of a flowable composite as an intermediate material due to its capacity of stress absorption should be questioned because of the residual polymerization contraction force at the moment that the restorative composite resin is polymerized over it. Nevertheless, it is important to mention that instead of curing from the top down, this study used a cross sectional lateral photocuring approach in order to accommodate the non-transmissible steel plates mounted in the tested machine. As a result, the intensity of light used to cure the composite layer was equivalent to that reaching the pre-cured liner layer. This differs from the clinical situation where placement of a composite layer over the liner significantly attenuates the light intensity that reaches the liner when irradiating from the top down. Therefore, the approach used here is likely to magnify the secondary curing contribution of the liner layer to the overall stress. Other studies addressing this relation and other properties of these materials should be done since there are studies showing that flowable composites used as intermediate layers can decrease the leakage of composite restorations[@B16].

CONCLUSIONS
===========

Based on the findings that VB was able to absorb part of the polymerization contraction force of Z-250, its use as an intermediate layer under composite resin restorations could be recommended in situations where the composite resin polymerization contraction force is not controllable or predictable.
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